We investigate the reaction e+e -~ 3n that can be described by the anomalous part of an effective chiral lagrangian. We calculate the next-to-leading corrections to the process and make an estimate of all-order correction within a specific chiral model of pseudoscalars and vector resonances. Our final results describe the process from threshold to the omega resonance in terms of a single parameter.
Effective chiral lagrangians provide a description of low energy QCD which incorporates the low energy theorems implied by chiral invariance. The lagrangian can be divided into an anomalous and a non-anomalous part. For the latter a systematic study of leading and next-to-leading contributions in the expansion in powers of external momenta has been carried out [ 1 ] . The calculation of the next-to-leading order involves the determination of the finite part of counterterms added to cancel the divergences arising in one loop calculations of the non-renormalizable tree level lagrangian [2] . These have been shown to be almost saturated by the tree level, lowest order exchange of vector meson resonances between pseudoscalar states [ 3 ] . In this paper we want to discuss to which extent an experimental study of the process e+e -~ 37t can constrain the form of the anomalous part of the effective lagrangian at next-to-leading order. High luminosity • factories [4 ] are expected to provide accurate results for this reaction.
The leading order anomalous effective lagrangian is given by the Wess-Zumino term [ 5 ] Lwz = -Nc 2-~0~n 2 d~'jklmtr(XOiX*XOjXtXOkXtXOlZtXOmXt)
+i 2~n 2 ea""a(0aA.)A, tr(Q 20aSS*+ Q2S* OaS+ ½QSQS* OaXX*-½QX*QXOaX*X ) ,
where X is related to the standard matrix representation M of the pseudoscalar octet by the relation involving the pion decay constant f, S= exp [ (2i/f)M]. This lagrangian is of the fourth order in the momenta of pseudoscalar particles in contrast with the non-anomalous case which is of second order. The amplitude for the reaction y*~n + (p~)n-(pz)x°(po) following from eq. ( 1 ) 
From charged pion decay we take the constantfequal to 132 MeV; with this value the neutral pion decay into two photons agrees satisfactorily with the experimental result (7.58 against 7.7 _+ 0.6 eV). Corrections to eq. (2) come from diagrams in fig. 1 
where p ~ is the squared invariant mass of i and j pions, 2 = 1 / e + 1 + log 4n-y and the function F is q2
The full result for the amplitude is obtained by multiplying the expression above by the tree level result in eq. (2). The divergent terms are manifestly of sixth order in the external momenta; they are regularized by appropriate counterterms which appear in the effective lagrangian at this order,
The quantities C~, C2 and C3 contain the counterterms and their finite parts should be fixed by experimental data. Assuming SU (2) flavour symmetry (m~ = rnd), the term proportional to C~ is zero and the behaviour of the e+e -cross section depends upon the remaining coefficients and upon the renormalization scale/t. The amplitude including the next-to-leading order is ie (
where C7 K(it 2) is the finite part of the one loop correction in eq. (3) at a given mass scale #, i.e., with the terms proportional to 2 subtracted. To estimate the amount of the correction to the tree level result, we need an estimate of the constants G, Cz and C3 at some renormalization mass: this can be obtained by extending the "resonance dominance" observed in the non-anomalous case to our case. We adopt a specific model where resonances are present in the effective lagrangian as fundamental fields and we make the ansatz that the unknown coefficients are dominated at low energy by the contribution obtained by integrating out the resonances. In practice, one considers the effective interactions among pions generated by tree level diagrams in fig. 2 , where the resonance propagator has been expanded in powers of pion's momenta. One obtains the same type of interactions of the next-to-leading order original lagrangian. More specifically, we have used a model where vector meson resonances are the gauge bosons of a "hidden" local symmetry [ 6 ] . The corresponding lagrangian is 
p~, is the standard matrix representation of vector mesons with ideal mixed nonet symmetry and a is a 3 X 3 unitary matrix parametrized in terms of a set ofunphysical scalars (compensating fields) which can be replaced by the identity matrix in the unitary gauge, generating in this way a mass term for vector mesons and y-p couplings. The lagrangian in eq. (7) is parametrized in terms of the constants a~, a2, a3, fand g. After integration of the
~' omega
o m e g a ( b ) (cX~~ fig. 3 .
The next-to-leading order prediction is now parametrized by a single constant. In fig. 4 we compare for the cross section near threshold the tree level result (dashed line) with the next-to-leading order calculation (solid line) and the all order estimate (dot dashed line) based on the vector resonance model. In the latter case we consider the same diagrams leading to the effective pion lagrangian and we keep the higher order terms which appear from the expansion of propagators. The expression for the total amplitude in this case is given by 
The last term is the subtraction of the resonant term at zero external momenta and is required by the nonrenormalization theorem at zero external momenta of the Wess-Zumino term. The plot is obtained from values of at and a2 corresponding to the point A on the ellips of fig. 3 . In fig. 5 we plot the all order cross section up to the omega peak energy where it merges with the expected resonant behaviour. The data, taken from the VEPP-2M Collaboration [ 8 ] , are compared with the curves corresponding to points A, B and C on the ellipse and slightly favour the first two points. Dotted, solid and dashed portions of the ellipse denote values of the parameters a~ and a2 whose corresponding cross sections are within one, two or more standard deviations from the data, respectively. The complete cross section for the cases A, B and C down to threshold is given in table 1. On the omega peak, any choice of the parameters on the ellipse gives the same cross section, up to differences due to the non-resonant contributions like those from diagram (c) in fig. 2 ; we also get a few percent systematic underestimate of the cross section due to a corresponding underestimate of the ~0-~e+e -width. In the intermediate energy region, the differences among the curves amplify, although in absolute magnitude they are in the range of picobarns, but at zero energy -which is not the case at threshold due to the non-zero pion mass -all predictions are bound to reduce to the tree level result, once the constraints of non-renormalization at zero fig. 3 . Table 1 The 7"--* 3n cross section in nanobarns at various energies for the choice of parameters a~ and a2 of points A, B and C on the ellipse of fig. 3 .
x/~ (MeV) A B C 450 1.7 xIO -5 1.1 ×10 -5 5.4 ×10 -7 500 energy and of fitting the omega peak are implemented, one could expect a substantial equivalence of the predictions obtained by adopting a different model for vector resonances like the one based on tensor couplings which has been shown in the non-anomalous case to be equivalent to the one considered in this paper.
A detailed investigation of this equivalence for the anomalous case is in progress.
